and fifth grades of decay respectively, suggesting that the decomposition of the fallen woods 1 3 9
could be likely to circumvent or attenuate some negative effects on the seed germination and because it could not only damage and even destroy plant morphological landscape, but also balance and evolution of forests. Previous investigation showed that water extract of P.
schrenkiana needles exhibited autotoxic effects on seed germination and seedling growth to the procedure of ISTA (International Seed Testing Association, 1993) .
Measurement of the seed germination 1 7 6 100 seeds of the surface-sterilized P. schrenkiana were first put into culture dishes 1 7 7
(12×12 cm) lined with two layers of Whatman No 3 filter paper, and each dish was added intelligence simulation incubator under a 16/8 h (day/night) photo period with photon flux The weight of fresh seedlings was also recorded (Mettler Toledo instrument LTD, Switch).
The measurements were taken on the third day after incubation, and continued once every 3
day for a total of 30 days. After their radicle length and fresh weight measured, the seedlings were used to determine the activities of antioxidant enzymes and the levels of plant 1 9 7 endogenous hormones. Measurement of the root cell viability of seedling
The viability of P. schrenkiana root cell was determined by the method of double 520 nm, Nikon Corp., Tokyo, Japan) according to the reported methods (Yang et al., 2017) . prewashed with 80 % methanol, dried under N 2 and then dissolved in 2 mL methanol for
analysis. The contents of plant endogenous hormones were determined by a Agilent 1290 were automatically calculated from peak area by software using authentic standard runs with 2 1 9 the sample. All the calibration curves showed excellent linearity (R 2 >0.999) in a wide
Assay of antioxidant enzyme activities
The antioxidant enzyme activities of P. schrenkiana seedling were analyzed by the 2 2 3
standard methods and the procedures described previously (Yang et al., 2017) . In brief,
Speroxide dismutase (SOD) activity was determined using the nitrobluetetrazolium (NBT)
method, and one unit of the activity was defined as the amount to cause 50 % inhibition of
NBT reduction (Giannopolitis and Ries 1977); Peroxidase (POD) activity was detected in
accordance with the guaiacol method, and one unit of the activity was defined as the amount All results were presented as the mean ± standard error of five replications. All data 2 3 6
were statistically analyzed using SPSS software (IBM, New York, USA). For statistical
analyses, relationships were considered to be significant when p<0.05. If the results of
One-way ANOVA showed the significant differences at the 0.05 significance level, LSD 2 3 9
(Least Significance Difference) was adopted for multiple comparisons among the different The duality of allelopathy to boreal forest ecosystem depends on both allelochemical in P. schrenkiana needles on phenotypic, morphologic and physiological characteristics of P.
schrenkiana plant at various temperatures.
4 7
Dynamic variability of auto-allelopathic effect on the seed germination
The auto-allelopathic effects of both the water extract of P. schrenkiana needles and 2 4 9
single DHAP on the germination of P. schrenkiana seeds were investigated at three different
concentrations and in five dark/light temperature cycles of 0/8, 2/10, 4/12, 6/14 and 8/16 °C.
The experimental results (p<0.05) are illustrated by a set of diagrams in Fig. 3 , in which the invariably enhanced the growth of P. schrenkiana seedlings but the high concentration ratio from a negative value (promotion effect) through zero line (no effect) to a positive value seedling as an example, the concentration of 0.25 mM could increase the plumule and radical 2 7 7
lengths of the seedlings at 2/10, 4/12 and 6/14 °C (p<0.05), slightly lengthen the plumule but 2 7 8 largely shorten the radicle at 8/16 °C (p<0.05), and largely cut down both the lengths at 2 7 9
10/18 °C (p<0.05), as showed in Fig 4D and Dynamic variability of auto-allelopathic effect on the viability of root tips
The auto-allelopathic effects of DHAP at three concentrations and five dark/light temperature cycles 4/12 and 6/14°C, and 0.25 mM DHAP almost give no effect on the vitality 2 9 1 of roots at the temperature below 6/14 °C but a serious damage to the vitality at the 2 9 2 temperature over 8/16 °C, while 0.5 mM DHAP cause a loss of roots vitality even at low 2 9 3 temperature of 2/10 °C until the complete death of roots at high temperature of 10/18 °C. In
general, the relatively low concentration of DHAP at a relatively low temperature could
enhance the viability of roots, but the higher concentration of DHAP at a relatively high root tips of P. schrenkiana seedlings, therefore, there also appears the duality depending on quantitatively and the boundary line is difficult to draw clearly. The vitality of P. schrenkiana seedlings is closely related to its physiological property, For SOD without DHAP treatment as showed in A1-A5 of Fig. 6 , the intrinsic activity 3 0 9
increased with temperature during 0 to 6 days, and then slightly descended as time extended
to 12 days at temperature below 8/16 °C or approached to a stable level at 10/18 °C (p<0.05). For SOD with the treatment of DHAP at different concentrations and temperatures, the activity corresponding to 0.1 mM DHAP went over the intrinsic activity at any temperature
and gently increased with time (p<0.05); the activity corresponding to 0.25 mM DHAP was
higher than the intrinsic activities at 2/10 and 4/12 °C and increased with time, and was 3 1 5 similar to the intrinsic activity at 6/14 °C and any time, while those at 8/16 and 10/18 °C went
up in first 3 days and then quickly dropped down to far below the intrinsic activity after 6 3 1 7 days (p<0.05); also the activity corresponding to 0.5 mM went up significantly over the 3 1 8 intrinsic activity at 2/10 °C during first 6 days and then dropped down to slightly above the 3 1 9
intrinsic activity in 12 days, the activity at 4/12 °C went up to a peak during the first 3 days
and then fell down to close to the intrinsic activity in 12 days, while those at temperatures 3 2 1 over 6/14 °C ascended quickly to the maximums and then descended rapidly to far below the 3 2 2 intrinsic activity after 6 days (p<0.05).. For POD, CAT and GR without DHAP treatment, their activities at any temperature individual activity change with DHAP concentration, incubation temperature and time are went up over the intrinsic activity at 2/10 °C in 3 days instead of 6 days referring to SOD and
then dropped down to far below rather than slightly above the intrinsic activity referring to In conclusion, the allelopathic effect of DHAP on the activities of four antioxidant and roots, however, the response of these antioxidant enzymes to the duality of DHAP 3 3 7
allelopathic effect appeared to show some time delay. In other words, whether the 3 3 8
promotional effect at lower concentration and temperature or the inhibitory effect at higher 3 3 9
concentration and temperature generally required enough time to significantly change the 3 4 0 activities of these antioxidant enzymes. There are further interests to investigate the variability of DHAP allelopathy to the at any temperature and went to much higher than the intrinsic content at 10/18 °C and 12 climbed in first 3 days and then quickly slid down to far below the intrinsic values after 6 3 6 0 days (p<0.05); also the content responding to 0.5 mM DHAP went up to a peak above that 3 6 1 responding to 0.25 mM in 3 days at any temperature and then rapidly fell down to far below 
